The effect of post-training treatment with L-histidine (LH) on the memory consolidation of inhibitory avoidance was investigated in Carassius auratus submitted to cerebellar ablation. The inhibitory avoidance procedure included 3 days: one habituation day, one training day (5 trials, T1-T5) and one test day. On the training day, each fish was placed individually in a white compartment separated from a black compartment by a sliding door. When the fish crossed into the black compartment, a weight was dropped in front of it (aversive stimulus) and the time to cross was recorded. Saline or LH (100 mg/kg) was injected intraperitoneally 10 min after the trials. Data were log 10 transformed and analyzed by ANOVA and the Student-Newman-Keuls test (P < 0. 
Introduction
The cerebellum is traditionally described as playing a key role in skeletal motor responses, motor learning and memory processes ranging from simple forms of sensorimotor learning to more complex, higher-order processes such as spatial cognition (1, 2) . There is growing evidence that the cerebellum of mammals is also involved in emotional behaviors as part of an integrated network that regulates fear responses (3, 4) . Moreover, it has been reported that the cerebellar vermis is connected to several limbic areas and is involved in emotional learning, for example active avoidance (5, 6) .
Although little is known about the emotional behaviors of non-mammals, neuroanatomical studies have revealed that the neuronal organization, basic circuitry and neurophysiologic characteristics of the cerebellum of teleost fish are similar to those of the mammalian cerebellum (6, 7) . Also, teleosts are suitable for studies with histamine because the central histaminergic system of fish has only one area of projection to the telencephalon (8, 9) .
The involvement of histamine, a neurotransmitter, in various learning and memory processes in the brain has also been described; however, investigations in fish have D.C. Garção and R. Mattioli www.bjournal.com.br reported contradictory results. Cofiel and Mattioli (10) have suggested that the H 2 receptor antagonist zolantidine impairs inhibitory avoidance learning and memory in goldfish. Faganello and Mattioli (11) reported that chlorpheniramine facilitates inhibitory avoidance in goldfish submitted to telencephalic ablation.
Blandina et al. (12) have suggested that the facilitatory or inhibitory effects of histamine on learning and memory processes are related, among other factors, to the brain structure involved and to the nature of the task performed. Thus, the purpose of the present study was to determine the pharmacological effect of post-training administration of the histaminergic precursor L-histidine (LH) on the memory consolidation of inhibitory avoidance by Carassius auratus submitted to cerebellar ablation.
Material and Methods

Subjects
Goldfish (Carassius auratus) of unspecified sex, weighing between 8 and 14 g, were used. The fish were purchased from a single source. Before the experiment, the animals were kept in 500-L tanks in the laboratory for 2 weeks for disease control.
The water was maintained at approximately 22°C and was continuously filtered and oxygenated under a natural light cycle. The animals were fed flake food (Fast Color, Formosa) daily in the morning until the surgery was performed. Individual fish were identified by physical characteristics such as color, size and tail shape.
Surgical procedure
The 58 animals were randomly divided into two groups: cerebellar ablation was performed in one group and sham surgery (leaving the cerebellum intact) in the second group (Figure 1) .
The fish were anesthetized with an aqueous solution of 0.8 g/L tricaine methanesulfonate (TMS) (3-aminobenzoic acid ethyl ester methanesulfonate, Sigma, USA). As soon as motor activity and gill movement ceased, the fish were wrapped in wet gauze and placed on a stand. Water plus anesthesia was maintained by continuously perfusing the animals through the mouth.
The surgical procedure has been described (13) . Briefly, after an incision in the skull the cerebellum was carefully aspirated through a pipette connected to a vacuum pump (Microbomba Nevoni Standard, NSR Ind., Com. and Repr. Ltda., Brazil). After cerebellar ablation, the skull was closed with fast drying dental acrylic resin (Acrílico Auto-Polimerizante Clássico, JET, Brazil, and Líquido Acrílico AutoPolimerizável, Dental VIPI Ltda., Brazil) and the wound was cleaned with methylene blue. Next, the TMS solution was replaced with water until spontaneous gill movement returned. The fish were then placed in maintenance aquaria for 3 days for recovery before the experimental sessions. Preventive fungicide/bactericidal and parasitic (Labcon Aqualife; Alcon, Brazil) treatment was used for disease control.
Experimental aquarium
A rectangular aquarium divided into two compartments was used. Each compartment was 15 cm high, 10 cm wide, and 45 cm long. One compartment was black and the other white. A guillotine door was used to separate the compartments. In the black compartment, a pulley was used to release a 45 g weight from a height of 15 cm above the water surface at a distance of 5 cm from the compartment's edge.
Behavioral procedure
The behavioral procedure was applied over three consecutive days. On the first day (habituation session), the fish were placed individually in the white compartment for 30 s. The guillotine door was then opened and the animal was allowed to explore the aquarium for 10 min, with free access to both compartments.
On the second day (training day), each fish was placed individually in the white compartment for 30 s. The guillotine door was then opened and the animal had 5 min to move to the black compartment. After the animal entered the black compartment, the weight was released in front of it. If the animal did not return to the white compartment, it was gently coaxed back and the guillotine door was closed immediately after the fish returned to the white compartment. The procedure was repeated four more times (T1, T2, T3, T4, and T5) on the training day.
The time elapsed from the moment the door was lifted to the moment the animal entered the dark compartment was recorded in seconds (latency). The animal was considered to be inside the black compartment when its dorsal fin crossed the dividing line between compartments. If the L-histidine reduces inhibitory avoidance www.bjournal.com.br animals failed to cross, the guillotine door was closed and another training attempt was started. Immediately after the training session, the fish were placed back in the original aquarium. After 10 min, the pharmacological treatment was administered.
The test was conducted 24 h after the training session (third day) and latency was recorded in seconds. Training and testing latencies were recorded and compared as an indicator of behavioral learning and memory.
Pharmacological treatment and injection procedure
L-histidine (1 mol; Sigma) was dissolved in saline. The resulting solution was used at a dose of 100 mg/kg body weight, because a previous study indicated that this dose facilitated learning and memory in C. auratus (14) . LH was chosen for its ability to quickly cross the blood-brain barrier (15) . Saline was used as the experimental control. One milliliter of either the LH or control solution (blind-coded) was injected intraperitoneally (ip) per kg of body weight 10 min after the training session using a polyethylene tube attached to a 100-μL Hamilton syringe (710 N) fitted with a dental needle. LH and saline were kept under refrigeration in coded tubes until they were used, so that the researcher was not aware of the treatment being administered at the time of the experiments.
The fish submitted to cerebellar ablation were divided into two groups, one treated with LH (A-LH, N = 15) and the other with saline (A-SAL, N = 14). The fish submitted to sham surgery also received either LH (S-LH, N = 14) or saline (S-SAL, N = 15).
Histological analysis
After the experimental procedures, the animals were anesthetized and decapitated. The brains were removed, fixed in 10% formalin for at least 5 days and then cut into 50-μm sections with a cryostat. Histological analysis was carried out to verify that the cerebellum had been completely removed without injury to other areas.
Statistical analysis
Latency in the 5 training trials and on the test day was initially analyzed using the Levene test for homogeneity of variance. Data were transformed to log 10 and analyzed by ANOVA followed by the Student-Newman-Keuls test (P < 0.05). Figure 2 shows the mean latency (± SEM) for the training trials and test procedure. Two-factor ANOVA (Factor A: treatment; Factor B: day) showed a statistically significant difference in latency between the days (F (5,341) = 13.87, P < 0.0001) and the interaction of factors (training and treatment) (F (15,341) = 3.60, P < 0.0001). However, the difference in latency between treatments was not significant (F (3,341) = 1.63, P = 0.191). The Student-NewmanKeuls test revealed that latency was significantly increased in T5 when compared with T1 for all groups, showing that all were able to learn the task (P < 0.05).
Results
For the test, the Student-Newman-Keuls test (P < 0.05) showed significantly lower latencies for the A-LH and S- 
Discussion
In this study, C. auratus fish were trained in an inhibitory avoidance task. In this procedure, learning is inferred when the animal reduces its preference for dark places, which is an innate behavior of the species (16), associating the black compartment with an aversive experience. Several studies have used this model to investigate the action of different drugs on learning and memory processes and on processes of functional recovery in goldfish, indicating that the model is appropriate for this purpose (11, 17, 18) .
The present results indicate that all groups were able to acquire inhibitory avoidance, suggesting that cerebellar ablation does not impair learning. A previous study has also shown that goldfish submitted to cerebellar ablation were able to acquire a conditioned bradycardia response (emotional conditioning) (19) . In addition, goldfish submitted to telencephalic ablation have been shown to acquire inhibitory avoidance (17) . In contrast, other studies have shown that complete removal of the cerebellum affected the learning of classical conditioning by goldfish (20, 21) . Since inhibitory avoidance is a defensive behavior (22), we believe that the presence of inhibitory fear-mediating circuits in the mesencephalon, diencephalon and telencephalon may explain why the fish submitted to cerebellar ablation were able to learn their task.
Several studies have shown that histamine affects neural plasticity and is therefore associated with functional recovery. Moreover, histamine has been suggested to be a neural substrate for reinforcement control, memory processes and emotional learning (11).
Hasenöhrl et al. (23) observed that intra-accumbens injection of histamine elicited a positive response in an inhibitory avoidance task; moreover, it induced conditioned place-preference, indicating a reinforcing action of histamine. Similarly, both systemic and intracerebroventricular administration of α-fluormethylhistidine delayed the acquisition of active avoidance in mice (24) . In other studies, Medalha et al. (18) reported that chlorpheniramine facilitates inhibitory avoidance training in goldfish in a doserelated manner.
The present results could be explained by the involvement of the central histaminergic system in the diencephalon in tasks having emotional components such as aversion, stress and fear. Ferretti et al. (25) found that stress induces the release of histamine in the hypothalamus of rats. In another study, the intraventricular administration of histamine caused an increase in the hypothalamic levels of tritiated histamine and a dose-dependent inhibition in avoidance conditioning in rats (26) . Histamine levels were also shown to be significantly higher in the diencephalon of rats submitted to acute stress by confinement in a tight cage for 1 h (27) .
Although it is difficult to compare the central nervous system of goldfish and mammals (20) , anatomical and functional studies have shown the existence of similarities between certain structures of the mammalian brain and the three major telencephalic cell groups in teleosts (dorsal and ventral nucleus and lateral telencephalon). The lateral pallium is associated with spatial and temporal memory, and appears to be homologous to the hippocampus of vertebrates, while the medial pallium (MP) is related to emotional memory and has been suggested to be homologous to the amygdala of mammals (28, 29) . Furthermore, recent studies have demonstrated the existence of connections between the cerebellum and the MP in goldfish and other teleost fish (30, 31) .
In a study on goldfish submitted to telencephalic ablation, blockade of H 1 by chlorpheniramine impaired consolidation of the conditioning memory of inhibitory avoidance (11). Alvarez and Ruarte (32) reported that local administration of histamine in the basolateral nucleus of the amygdala of mice reduced latency in an avoidance inhibitory model, indicating that histamine affects learning.
Similar results were obtained in the present study, in which the A-LH group failed to perform the avoidance task 24 h after training. Moreover, LH had an opposite effect on memory consolidation of inhibitory avoidance in the sham surgery group. This could be explained by an effect of LH on the MP after the connection between cerebellum and MP is disrupted, preventing the consolidation of inhibitory avoidance memory. These results support other evidence that LH exerts an effect on the consolidation of inhibitory avoidance memory in limbic structures. However, further studies are needed.
Brandão et al. (33) have proposed that the roof of the mesencephalon has local circuits capable of generating defensive behaviors associated with fear and anxiety, which are directly related to inhibitory avoidance. However, other higher brain structures are necessary to achieve the control of the complex behaviors related to fear. For example, connection of the inferior colliculus with the amygdala serves as an important filter for the aversive nature of sensory information (32) . In addition, several studies have shown the existence of anatomical connections between the cerebellum and limbic areas, including the nucleus accumbens, hippocampus, locus ceruleus, ventral teg-L-histidine reduces inhibitory avoidance www.bjournal.com.br mental area, periaqueductal gray matter, and amygdala (4). Sacchetti et al. (34) have proposed that the amygdala and cerebellum are functionally interconnected during aversive learning.
Amygdala lesions cause a great reduction of fear and aggressive behaviors, while stimulation of the amygdala induces fear responses in animals and a state of fear in animals and humans (4) . Electrical stimulation of the cerebellar vermis of rats and cats after neurosurgery showed that the cerebellum modulates behavioral activities in the amygdala (35) . Studies of rats submitted to cerebellectomy using an experimental model of inhibitory avoidance have indicated that the cerebellum is involved in the process of consolidation of emotional memories, but that it is not the place of memory recovery (36, 37) .
The results obtained for the S-SAL group suggest that the fish were able to learn the task, but did not recall the information 24 h after training. Similar findings have been reported in several other studies (10, 11, 17, 18) . Thus, we believe that the results for the fish in the A-SAL and S-SAL groups were opposite in terms of memory consolidation of the inhibitory avoidance task due to the absence of cerebellar modulation in limbic structures in the ablation group, especially in the MP, which is thought to be homologous to the amygdala (29) (30) (31) .
The results of the present study suggest that L-histidine impairs memory consolidation and/or reduces the interpretation of the aversive stimulus in inhibitory avoidance conditioning, and that this process is mediated by the medial pallium. In conclusion, the present findings indicated an involvement of the histaminergic system in memory process in goldfish.
